Introduction {#s1}
============

Rotator cuff tears are one of the most common disorders of the shoulder, and they have a significant effect on daily life as a result of the loss of motion and strength. Approximately 17% to 50% of adults older than 60 years and 80% of adults older than 80 years may have rotator cuff pathologies [@pone.0068515-Milgrom1]--[@pone.0068515-Lehman1].

Several techniques have been introduced over the past decade for the arthroscopic repair of rotator cuff tears. Single-row and double-row rotator cuff repairs with suture anchors are the most commonly used procedures, with both having favorable outcomes. Previous studies have reported retears and incomplete tendon healing after arthroscopic rotator cuff repair using a single-row technique despite the good clinical results [@pone.0068515-Boileau1]--[@pone.0068515-Gerber1]. The double-row technique was performed to increase the tendon-bone contact area and improve the postoperative cuff integrity [@pone.0068515-Galatz1]--[@pone.0068515-Lapner1]. However, controversy continues regarding the two techniques in the literature as few articles support the superior clinical outcomes of double-row fixation compared with single-row fixation [@pone.0068515-Koh1], [@pone.0068515-Lapner1]--[@pone.0068515-Gerhardt1]. Additionally, few studies have investigated the clinical or imaging outcomes according to tear size.

The purpose of this study was to conduct a meta-analysis to compare the clinical and imaging outcomes between the single-row and double-row techniques. Our hypothesis was that double-row repairs would result in better clinical outcomes and more intact rotator cuff tendons than single-row repairs.

Methods {#s2}
=======

The Pubmed, Cochrane library, and Embase databases were searched independently by 2 investigators (Q.Z. and H.A.G.) to retrieve relevant studies published before November 1, 2012. The search criteria "rotator cuff", "single row", and "double row" were used in text word searches. The "related articles" function was used to broaden the search. The reference lists of the selected articles were also manually examined to find relevant studies that were not discovered during the database searches. The corresponding authors were contacted when additional information was needed.

Inclusion Criteria {#s2a}
------------------

1.  Language: English

2.  Prospective studies with Level I or II evidence

3.  Arthroscopic repair

4.  Includes both double- and single-row repairs

5.  Greater than a 24-month minimum follow-up

6.  Follow-up examination presenting at least one of the following outcome measurements: ASES score, Constant score, UCLA scale, and radiographic follow-up of the repaired rotator cuffs

Exclusion Criteria {#s2b}
------------------

1.  Retrospective study

2.  Level III or IV evidence

3.  Less than a 24-month minimum follow-up

4.  Only report either single- or double-row repairs

5.  Did not report the standard differentiation of all data

6.  Included open or mini-open procedures

Data Extraction {#s2c}
---------------

Data extraction of all variables and outcomes of interest and assessment of the methodological quality were performed independently by 2 readers (Q.Z. and H.A.G.). Disagreements were resolved through discussion and consensus. The methodological quality of the trials was assessed using the Cochrane Handbook for Systematic Reviews of Interventions 5.1.

Outcomes {#s2d}
--------

Both subjective and objective functional outcome measurements were used to evaluate the data. The Constant scale, American Shoulder and Elbow Surgeons scale (ASES), and University of California at Los Angeles scale (UCLA) were analyzed to determine the functional outcome. If the studies reported several functional outcome scores at different follow-up visits, the score after 24 months post-operatively was used for the study. Additionally, the radiographic follow-up of repaired rotator cuffs was compared between the groups. Rotator cuff integrity was divided into three degrees: (1) full-thickness retear, (2) partial-thickness retear and (3) integrity cuff.

Statistical Analysis {#s2e}
--------------------

The statistical analysis was performed using Review Manager 5.1 (Cochrane Collaboration, Nordic Cochrane Centre, Copenhagen, Denmark). Continuous variables were analyzed using the weighted mean difference, whereas categorical dichotomous variables were assessed using relative risks (RRs). P values \<0.05 were considered statically significant, and the 95% confidence intervals (CIs) were reported. Homogeneity was tested by the Q statistic (significance level at P\<0.10) and the I^2^ statistic (significance level at I^2^\>50%). A random-effects model was used if the Q or I^2^ statistic was significant; otherwise, a fixed-effects model was used. The presence of publication bias was assessed by a visual inspection of a funnel plot and the Begg and Egger tests (with P\<0.05 considered statistically significant). We also conducted subgroup analyses stratified by the size of the tear to assess the impact of tear size on the outcomes.

Results {#s3}
=======

Literature Search {#s3a}
-----------------

The initial literature search retrieved 193 relevant articles (duplicates were discarded). After a careful screen of the titles, 137 articles were excluded for not investigating the topic of interest. After reviewing the abstracts, 46 more articles were excluded (24 laboratory studies, 7 retrospective studies, 2 level 3 evidence studies, and 13 reviews), leaving 10 studies for further full publication review. One study was excluded because it only performed follow-up for 12 months [@pone.0068515-Burks1]. Another study was excluded because the article did not report the standard differentiation of the data [@pone.0068515-Aydin1]. Therefore, 8 studies matched the selection criteria and were suitable for meta-analysis [@pone.0068515-Koh1], [@pone.0068515-Lapner1], [@pone.0068515-Charousset2]--[@pone.0068515-Grasso1], [@pone.0068515-Park1], [@pone.0068515-Carbonel1], [@pone.0068515-Ma1]; 6 were prospective randomized control trials, and 2 were prospective cohort studies [@pone.0068515-Charousset2], [@pone.0068515-Park1] ([Figure 1](#pone-0068515-g001){ref-type="fig"}). A total of 619 patients (311 single row and 308 double row) were enrolled in the studies. The key characteristics of the included studies are summarized in [Table 1](#pone-0068515-t001){ref-type="table"}. All the studies involved patients with reparable full-thickness rotator cuff tears and follow-up for at least 24 months. Among the included studies, 4 studies investigated the Constant scale, 5 studies investigated the ASES scale, 3 studies investigated the UCLA scale, and 6 studies reported post-operative imaging outcomes. Additionally, 3 studies performed subgroup analysis according to the tear size (smaller or larger than 3 cm). On review of the data extraction, there was 100% agreement between the 2 reviewers.

![Search strategy flow diagram.](pone.0068515.g001){#pone-0068515-g001}

10.1371/journal.pone.0068515.t001

###### Characteristics of the included studies.

![](pone.0068515.t001){#pone-0068515-t001-1}

  Study                           Country            Study Design                               Tear Size                         FinalSample Size             Age                  Follow-up         Matching Outcome Measures
  ---------------------------- -------------- -------------------------- ------------------------------------------------------- ------------------ ------------------------- ---------------------- ----------------------------
  Peter L.C. Lapner 2012           Canada                RCT                   reparable full-thickness tears of any size            39 vs. 37          56±8.9 vs. 57.8±7        24 vs. 24 months       Constant ASES Imaging
  Ignacio Carbonel 2012            Spain                 RCT                   reparable full-thickness tears (10--50 mm)            80 vs. 80       55.79±6.3 vs. 55.21±5.0     24 vs. 24 months     Constant ASES UCLA Imaging
  Hsiao-Li Ma 2012              Taiwan,China             RCT                reparable full-thickness tears larger than 10 mm         27 vs. 26            60.8 vs. 61.6        33.3 vs. 33.5 months       ASES UCLA Imaging
  Kyoung Hwan Koh 2011             Korea                 RCT              reparable full-thickness rotator cuff tears (2--4 cm)      31 vs. 31        61.6±8.8 vs. 61.1±9.1    31.0 vs. 32.8 months   Constant ASES UCLA Imaging
  Andrea Grasso 2009               Italy                 RCT                         reparable full-thickness tears                  37 vs. 35       58.3±10.3 vs. 55.2±6.5     24.8 \_ 1.4 months             Constant
  Jin-Young Park 2008              Korea       prospective cohort study              reparable full-thickness tears                  40 vs. 38             57 vs. 54.4             25.1 months              Constant ASES
  Francesco Franceschi 2007       England                RCT                         reparable full-thickness tears                  26 vs. 26            63.5 vs. 59.6          24 vs. 24 months              Imaging
  Christophe Charousset 2007       France      prospective cohort study              reparable full-thickness tears                  31 vs. 35              60 vs. 58          28.7 vs. 27.6 months            Imaging

[Figure 2](#pone-0068515-g002){ref-type="fig"} summarizes the methodological quality of the studies. Most of the studies were RCTs with a high level of methodological quality. Only 2 studies were prospective cohort studies, and they also had high methodological quality despite being nonrandomized. Thus, the methodological bias of this study was low.

![The methodological quality of the included studies.](pone.0068515.g002){#pone-0068515-g002}

Main Analysis {#s3b}
-------------

Compared with the double-row group, the Constant scale was 1.00-fold lower (95% CI, −2.37 to 0.37; P = 0.15) ([Figure 3](#pone-0068515-g003){ref-type="fig"}), the ASES scale was 0.84-fold lower (95% CI, −1.66 to −0.02; P = 0.04) ([Figure 4](#pone-0068515-g004){ref-type="fig"}), and the UCLA scale was 0.75-fold lower (95% CI, −1.30 to −0.20; P = 0.007) ([Figure 5](#pone-0068515-g005){ref-type="fig"}) in the single-row group. No significant heterogeneity was found among the studies (Constant, P = 0.43, I^2^ = 0%; ASES, P = 0.45, I^2^ = 0%; UCLA, P = 0.74, I^2^ = 0%).

![Difference of the Constant scale.](pone.0068515.g003){#pone-0068515-g003}

![Difference of the ASES scale.](pone.0068515.g004){#pone-0068515-g004}

![Difference of the UCLA scale.](pone.0068515.g005){#pone-0068515-g005}

A subgroup analysis according to tear size was also performed. With regard to small size rotator cuff tears (\<3 cm), no significant difference and heterogeneity were found between the groups for the Constant ([Figure 6](#pone-0068515-g006){ref-type="fig"}), ASES ([Figure 7](#pone-0068515-g007){ref-type="fig"}), and UCLA ([Figure 8](#pone-0068515-g008){ref-type="fig"}) scales. With regard to large size rotator cuff tears (\>3 cm), the Constant scale (95% SI, −10.39 to 1.24; P = 0.12) ([Figure 9](#pone-0068515-g009){ref-type="fig"}) showed no difference between the groups, but the ASES (P = 0.001) ([Figure 10](#pone-0068515-g010){ref-type="fig"}) and UCLA (P = 0.006) ([Figure 11](#pone-0068515-g011){ref-type="fig"}) scales were markedly lower in the single-row group. Because significant heterogeneity was observed for the Constant scale (P = 0.02, I^2^ = 82%), the random-effects model was then used as no significant clinical heterogeneity was found between the studies.

![Difference of the Constant scale for small tear size.](pone.0068515.g006){#pone-0068515-g006}

![Difference of the ASES scale for small tear size.](pone.0068515.g007){#pone-0068515-g007}

![Difference of the UCLA scale for small tear size.](pone.0068515.g008){#pone-0068515-g008}

![Difference of the Constant scale for large tear size.](pone.0068515.g009){#pone-0068515-g009}

![Difference of the ASES scale for large tear size.](pone.0068515.g010){#pone-0068515-g010}

![Difference of the UCLA scale for large tear size.](pone.0068515.g011){#pone-0068515-g011}

With respect to post-operative rotator cuff integrity, the RR of integrity cuff was 20% lower in the single-row group (RR, 0.81, 95% CI, 0.72 to 0.91; P = 0.0004) ([Figure 12](#pone-0068515-g012){ref-type="fig"}). The RR of partial-thickness retears was 93% higher in the single-row group (RR, 1.93, 95% CI, 1.20 to 3.11; P = 0.007) ([Figure 13](#pone-0068515-g013){ref-type="fig"}). In contrast, no significant difference was observed for full-thickness retears (RR, 1.45, 95% CI, 0.88 to 2.41; P = 0.15) ([Figure 14](#pone-0068515-g014){ref-type="fig"}). No significant heterogeneity was found among these studies.

![Risk of rotator cuff integrity.](pone.0068515.g012){#pone-0068515-g012}

![Risk of partial thickness retear of the rotator cuff.](pone.0068515.g013){#pone-0068515-g013}

![Risk of full-thickness retear of the rotator cuff.](pone.0068515.g014){#pone-0068515-g014}

Publication Bias {#s3c}
----------------

Funnel plots demonstrated no visual evidence of publication bias.

Discussion {#s4}
==========

The treatment of rotator cuff tears has progressed rapidly over the last few years. New techniques such as arthroscopy, improved fixation devices, and several fixation methods have made it possible to release pain and improve the function of the patients. Single-row and double-row techniques were mostly used, with both having favorable results. The double-row fixation procedure is more complex and more expensive. However, it can restore the rotator cuff footprint and produce better clinical outcomes. However, few studies exist showing better functional and radiological outcomes with the use of the double-row technique. As a result, the cost-effectiveness of the double-row technique has been questioned recently.

With the present meta-analysis of level 1 and 2 evidence prospective control studies, we were able to support our primary hypothesis that double-row rotator cuff repair would lead to better clinical and radiographic results compared with single-row repair, especially for those tears larger than 3 cm.

The clinical scale systems were the most commonly used and most effective methods to evaluate the surgery. Although previous studies showed higher healing rates, no studies have reported better clinical outcomes. Thus, we could not conclude that the double-row technique was better than the single row. In this study, regardless of the tear size, there was a significantly higher score in the double-row group for the ASES and UCLA scales but no significant difference for the Constant scale. Although the 95% confidence intervals of the postoperative mean difference of the Constant scale contained zero, we could not ignore that the low P value and the overall trend of the 95% CI to less than zero. The patient number may not have been large enough to detect the difference.

The subgroup analysis for the three scale systems showed that when the tear size was smaller than 3 cm, there was no significant difference between the two procedures. However, for tears larger than 3 cm, the scores were markedly higher in the double-row group for the ASES and UCLA scales. Because there was significant heterogeneity for the Constant scale, a random-effects model was used to evaluate the difference. However, no difference was found for the Constant scale (95% CI, −10.39 to 1.24; P = 0.12), although there was a trend towards a significant difference. Additionally, for the Constant and UCLA scales comparing large size tears, only two studies were enrolled for both. As a result, the evidence for the Constant and UCLA scales was not enough to support this conclusion. Therefore, the ASES scale (3 enrolled studies), which suggested superior outcomes for the double-row technique with a high level of evidence, is important.

Given the evidence above, the double-row fixation technique showed a trend towards superior functional outcomes regardless of the tear size. Additionally, for tear sizes smaller than 3 cm, the two procedures produced equal effects. However, for tear sizes larger than 3 cm, the double-row technique was much better.

The post-operative imaging outcomes also showed that the double-row procedure resulted in more integrity, fewer partial thickness retears, and an equal number of full-thickness retears. As a result, we can conclude that anatomic healing was significantly superior with the double-row fixation method. However, among the 6 studies comparing rotator cuff integrity, only one performed subgroup analysis according to tear size [@pone.0068515-Ma1]. Thus, we cannot determine if the double-row technique is also superior for small size rotator cuff tears.

Some limitations exist in this meta-analysis. First, there were no subgroups when comparing the rotator cuff integrity. Whether the small size rotator cuff tears showed differences between the groups for rotator cuff integrity remains unknown. Second, there are many other double-row techniques, such as the transosseous equivalent [@pone.0068515-Toussaint1], which is reported to produce a better footprint and functional outcomes than simple double-row fixation. This study did not distinguish among the different double-row fixation techniques. The transosseous equivalent technique may be able to produce even better outcomes than the single low technique. Third, for the subgroup analysis of the Constant and UCLA scales, only two studies were used, which may result in bias. More studies were needed. Fourth, it was unable to perform a meta-analysis in regarding with the harms like complications. However, there was no evidence that showed any difference between the two procedures for post-operative complications. Lastly, this study did not investigate the strength and range of motion post-operatively, which are more objective outcomes than the scale system.

Although this meta-analysis showed many limitations, it still has a high level of evidence and may be used to guide future clinical work.

Conclusion {#s4a}
----------

In conclusion, this meta-analysis suggests that the double-row fixation technique increases the post-operative rotator cuff integrity and improves the clinical outcomes, especially for tear sizes greater than 3 cm. For tear sizes less than 3 cm, there was no difference in clinical outcomes between the two techniques.
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